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Abstract.—The pupal stages of Culex nigripalpus and Cx. rarsalis are redescribed and
illustrated. A key to the pupae of IS5 species of Culex in the eastern United States is

included.
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Culex (Culex) nigripalpus Theobald and
Culex (Culex) tarsalis Coquillett are both
well known vectors of St. Lours encepha-
litis virus (Monath 1980, Day and Curtis
1999; Day and Stark 1999). Cx. tarsalis is
also an important vector of western equine

1962). It is necessary that all stages of these
important species be adequately described,
illustrated and recognizable. To that end,
the pupae are treated here.

The pupa of Cx. nigripalpus was briefly
described and figured by Lane (1953). It
was illustrated by Belkin et al. (1970) but
“not studied in detail.” Lungstrom (1955)
figured the abdomen and metanotum of Cx.
tarsalis using the nomenclature of Knight
and Chamberlain (1948). He gave no other
description. White (1954) the
chaetotaxy of the Cx. tarsalis pupa in gen-
eral also employing the nomenclature of
Knight and Chamberlain (1948) for the ab-
domen and that of Penn (1949) for the
cephalothorax. In this work. the pupae of
both species are described in detail follow-
ing the generally accepted nomenclature of
Belkin (1962) and Harbach and Kunight

discussed

(1980). Other life stages were described by
Carpenter and LaCasse (1955), Belkin et al.
(1970, nigripalpus), Wood et al. (1979, tar-
salis).

These pupae may be identified using the
key to the pupae of the Culex species of
eastern United States that appears below
and includes 15 of the known 29 species of
Culex in the United States.

METHODS AND MATERIALS

Specimens of Cx. nigripalpus were col-
lected in Indian River and Manatee Coun-
ties, Florida. reared individually, and larvae
and pupal exuviae mounted in Canada bal-
sam. For details of the techniques, consult
Darsie (1998). Pupae of Cx. rarsalis ex-
amined arc listed following the description.
In the key that follows the undescribed
pupa of Culex (Melanoconion) peccator
Dyar and Knab was included. Pupae of this
species were collected as follows: Florida,
Indian River Co.. I-16-70. 11 Pe. J. S. Hae-
ger, and will be described later. Abbrevia-
tions used in the descriptions are br =
branches, LePe = larval and pupal exuviae.
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DESCRIPTIONS

Culex nigripalpus Theobald
(Fig. 1)

Description.—Positions and sizes of se-
tae as figured: ranges and modal branchings
in Table 1. Cephalothorax: Mostly tan,
scuta, coxae and femora brown to dark
brown. Setae 1.3-CT long. nsually triple;
2.4-CT moderately long, usually double or
triple 7.9-CT long, usually double or triple:
5.8-CT Jong. usually 4- or S-branched. 6-
CT short, usuvally double: 10,12 CT long.
10-CT with 8-12 br, [1.12 CT with 2-5 br:
Trumpetr: Length 0.75-0.82 mm. 1 0.79
mm. index 5.35-6.75, & 6.24, trachcoid
0.20-0.31 of length & 0.26: pinna 0.16-
0.19. ¥ 0.17 mm, without narrow slit ex-
tending from proximal aspect, 0.14-0.24
length of trumpet X 0.19. Abdomen: Length
3.66 -4 14 mm, ¥ 3.88 mm; tan, segments
1-1V darker. with reticulate pattern in dor-
somedian 0.25 of 1; sternum 11 with short,
sharp spicules along posterior border. Setae
O-11-VH, 9-1-VI, and 14-11-VIIL
single. Seta 1-1 dendritic, with 6-14 pri-
mary br. each usually with 9 or more ter-
minal br; 1-11 short with 21-37 fine br;
I-1T1-VIT long, HT usually with 9 br; mosty
quadruple on 1V.V: and usually double on
VLVIL Seta 2-11-VII short, single. Seta 3-1-
HI rather stout, long on I, moderately long
on 11111, double: 3-1V-VII moderately long,
4-8 br on 1V, vsually single or double on
V-VII. Seta 4-1-VI1 short, moderately long
on VILVIIL, usually 7-branched on I, usu-
ally <4- or 5-branched on 11111 and V.VI:
single to 4-branched on 1V, VI, VIII. Seta
5-1 short, usually triple. 5-1L1T moderately
long, usually with 4-6 br: 5-1V-VI long to
very long. stout, 5-1V usually quadruple.
5-V.VI usually double. Seta 6-1 very long,
single; 6-11-V1 long, with 1-3 br on 1L
mostly double or wriple on 1MI-VI: 6-VII
small. with 4-6 br. Seta 7-1L11 long. mostly
double: 7-111-V  short, usually 4- or
S-branched on HLV. double or triple on 1V:
7-VLVII long. single. Seta 8-11-VII short,
pedunculate. wsually 3- or 4-branched on

minute,
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1. 1V and VI double or triple on V., VI
Seta 9-VII moderately long, stout, with 3-5
primary br, each ending in 2-3 terminal
short br; 9-VIIT long, stout. usually acicu-
late. with 6-10 primary br, some ending in
2.3 terminal short br. Seta 10-111-VII long,
usually double on HH-1V; single (rarely dou-
ble) on V-V1, 10-VII single. Seta 11-11I-V1]
short, single on 1H-VI1, 1-3 br on VIII. Fe-
male genitalia lobe 0.19-0.24 of paddle, x
0.21: male genitalia 0.28-0.33 of paddie, ¥
0.30. Paddile:  Ovoid, light tan. midrib
reaching apex, length 0.43-1.03 mm.t 0.98
mm: index 1.17-1.51. & 1.34; setae 1.2-P
short, single.

Specimens  examined —FLORIDA. 1n-
dian River Co.. Vero Beach, H1-29-00, 5 9,
6 &, LePe, from progeny rearings of fe-
males collected by power sweeper in veg-
etation in wooded area near orange groves
(Hussain & Darsie): Munatee Co., Palmetto,
VIH-7-2000, 6 ¢, 2 &, LePe, from progeny
rearings of females collected in miniature
light trap with CO, (R. Frommer).

Culex tarsalis Coquillett
(Fig. 2)

Description.—Positions and sizes of se-
tac as figured: ranges and modal branchings
in Table 2. Cephalothorax: Light tan, pos-
terior parts of scutum and mesothoracic
wing darker brown. Setae 1.3-CT long, usu-
ally triple or quadruple: 2.4-CT moderstely
long, double or triple, rarely 4-branched;
5-CT prominent, long, triple or quadruple,
rarely S-branched: 6-CT moderately long.
with 2-5 br: 7-9-CT long. 7-CT double:
8-CT 3-6 br: 9-CT double or triple: 10-CT
long. aciculate, with 59 br: 11-CT long,
rather stout, double: 12-CT long. mostly
double or triple: an adventitious 4-branched
seta near 12-CT on one specimen. Trumpet:
Conical, dark brown. length 0.62-0.92 mim,
T 082 mm: index 4.7-6.2, ¥ 5.4: pinna
0.11-0.32 mm. £ 0.22 mm and 0.18-0.35
of total length, X 0.24 without narrow slit
extending from proximal end. tracheoid
0.17-0.23, of total length, x 0.19. Abdomen:
Length 3.47-4.02 mm, ¥ 3.79 mm: light
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Fig. 1.

by permission). CT- cephalothorax, Pa—paddle.

tan, [-1V somew hat darker, without spicules
on sternum . Setae 0-11-VI1, 9-1-VI and
14-I1-VII minute, single. Seta 1-T dendrit-
ic, with 8-13 primary branches. each
branch with 5-8 terminal branches; I-1I
moderately long, with 5-13 br: [-1H-VII
long, with 5-12 br on I, with 4-8 br IV,

Pupa ot Culex wigripalpus. A, Cephalothorax. B, Metanotum and abdomen (from Belkin et al. 1970,

with 3-7. (usually 4) br on V.VI. usually
double or triple, seldom with 4 br on VIL
Seta 2-1I-VII short, single. Seta 3-1 long,
rather stout, double: 3-11-VII moderately
long, double on L1 with 2-8 br on 1V
usually double or triple. rarely single or
quadruple on V-VII. Seta 4-1-111 short, 4-1
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Tabie f.
branching).

Setal branching of the pupa of Culex nigripalpus (range

103

is tollowed in parentheses by the modal

Abdormmal Sezments

Cephalo -

Seta thorax. 1 1 m v v Vi1 Vi vi IN Paddie
0 — — 1 I 1 ( ( 1 1 — =
1 1—43)  6-149)y 21-37(27) 5109y 476y 3-5(H  2—K2) 2-3(2) 1 1
2 2 1—4(1) I i 1 1 i 1 B — 1
3 2-5(3) & B B 4-8(5) 2 1=201)  1-2(2) 1-3(2)

4 2-6(3)  7T-9(7) 2604 4-8(6)  1=H1)  3-7(5) 2-Hd) 1-2(2)

5 3-6(5) 2-5(3) RE )] 1-7¢h  2-5¢h  2-32y  2-3(2)  1-202) — - —
6 1-3(2) 1-2(1) 1-3(1) 2—43)  2—K3)  2-3(3)  2-4(3) 4-6(6)

7 242 2-4(2) 1-3(2) 3-54h 242y 4TS | 1 -

8 3-5(4) 4-6(4)  d-0th 22 1-5(3) 2 -

9 2-K3) | I 1 1 1 I -5 6-10h - —

10 7-10(8) — - 1-3(2)  2-3(2) 200 1 1 -

il 2 - — I 1 1 1 1 3(1)

02 4-6(5) = =
4 — — - 1 1 1 1 1 |

with 5-9 br, 4-1LHI usvally with 5 br: 4-1V
usually double or with 3-5 br; 4-V-VII1 me-
dium long. usually with 4.5 br on V.VI;
4-VILVIII single 10 triple, rarely quadruple.
Seta 5-1 short, usually with 3-5 br (2-7);
5-H-HT moderately long, usually with 4.5
br, seldom with 6 or 7, 5-1V-VI long. stout,
double or triple: 5-VII long, usually double.
Seta 6-LII very long, single; 6-111-VI long.
usually triple, 6-VII short, mostly with 6-8
br, rarely quadruple. Seta 7-L11 long. single
or double: 7-111 short, usually with 6 br;
7-1V.V short, usually with 4 or 5 br
7-VLVIT moderately long or long, single.
Seta 8-1II-VII short. pedunculate, usually
with 3-6 br. Seta 9-VII long, stout, usually
aciculate, with 4-6 br, 9-VIIT long, stout,
aciculate, with 7-9 br, rarely with 2 br api-
cally. Seta 10-1ILIV moderately long or
long, usually double, 10-V-VII long. single.
Seta 11-VII short, with [-4 br. Paddle:
Ovoid. Tength 0.95-1.35 mm, & 1.19 mm;
index [.35-1.56, 1 1.42: seta [-P short, sin-
gle, seldon double or triple: 2-P short. sin-
gle.

Specimens  examined. —MONTANA:
Phillips Co., Malta, VII-9-72, 2 2. 1 Jd,
LePe, (Quickenden, Darsie); Ravalli Co.,
Hamilton, VIII-54, 1 2,1 &, LePe. U.S.
Public Health Service Rocky Mountain

Laboratory colony (J. M. Brennan). CAL-
IFORNIA, San Dicgo Co., V-7-49. 2 @ |
&, LePe: Otay R.. V-8-49_ | @, LePe: Lake
Henshaw, V-7-49. 2 2 Lake Cuyamaca.
V-7-49, I 2 Pe (Heid): Los Angeles Co.,
Agoura, H1-22-49, 1 &, Pe (Heid).

DISCUSSION

The pupa of Cx. nigripalpus was briefly
described by Lane (1953), employing the
setal nomenclature of Baisas (1935) as
madified by Pean (1949). He stated that the
cephalothorax has small tufts, while our ac-
count gives accurate branching of each seta.
He described the “tube.”
three times basal widih: in Florida Cx. ni-

i.e.. trumpet. as

gripalpus pupal trumpets are 7.8-11.1 £ 8.9

times longer than basal width. Perhaps Lune
was not measuring the same species. In all.
13 abdominal setae were characterized by
Lane. His setae 6-1-VI were triple; i our
study seta 6-11 was usnally single. and setae
6-111-V1 double 1o quadruple. Lane called
five other setac (1-1I, 5-1V,V., 9-VILVIII)
“multiple™ without precise branching
which we include. Seta 5-VL VI are listed
as double: in our study they are single to
triple, although modally double. The pad-
dles in our pupae are 1.9-2.3. x 2.1 times
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Fig. 2. Pupa of Culex rarsalis. A. Cephalothorax. B, Metanotum and abdomen. BU—exiernal buttress, CT—
cephalothorax, GL—genital lobe, Mr—midrib of paddle. Pa-—paddle. T—respiratory trumpet.
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Table 2.
hranching).
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Setal branching of the pupa of Culex tarsalis (range is followed in parentheses by the modal

Abdominal Segments

Cephalo-
Seta thorax 1 1 ur 1w v Vi vil vl X Paddle
0 — — 1 1 1 1 1 1 1
I 2-5(3) 8-13(12) 5-137) 5-127) 4-8(5) 3-7(hH  3-6(hH 242 -— 1-3(1) 1
2 2-3(3) 1-2(1) 1=2(1) 1 I 1 1 1 — — 1
3 3-6(h 2 2 2 2-8(5) 1-3(2) 242y 1-3() =
4 242 5-9(5) 2-7(5) 4-6(5) 2-5(2)  3-6(5) 2-5(h) 1-3(2) 2—2) — —
5 3-5(4) 2-7(5) +-7(5) 4-8(5)  3-5(4  2-3(2) 2-3(2) 2-3(2) = =
6 2-5(4h 1 1 2-3(3) 2 343 2—3) 4-8(%) < - =
7 2 1-2(2) 1-2(2) 3-7(6)  2—kh 3-70) 1 1 - —
8 3-06(5) — — 2-6(5) 2-43) 2-4) 143 3-5(3) - = =
9 [-3(3) 1-2(1) 1 1 1 1 1 4-6(H  5-10(%) =
10 5-9(6) — - 1-3¢2)  1-2(2) 1 1 1 — - —
11 2 — — 1 1 1-2(1) 1 10 - — —
12 2-5(3) - — — - - —
14 - - 1 1 1 1 1 1 — —

length of segment VIII but Lane reported
the paddle three times lengfh of VIIL

On the other hand. Belkin et al. (1970)
includes a complete illustration of the pupa
and mentioned only the irnmpet not flared.
its pinna small, the spicules on the posterior
margin of stermun 11 and seta 5-1V usually
with 4 branches. Though few, all agree with
our findings

Lungsirom (1955) and White (1964) il-
lustrated the abdomen of Cx. rarsalis using
the Knight and Chamberlain (1948) nomen-
clature. They are of questionable quality
and neither author offered textual descrip-
tion.

KEY 1O THE PUPAE OF CU/LEN IN THE
EASTERN UNITED STATES

The key was formulaied mostly using de-
scriptions by Darsie (1951), Foote (1954),
Belkin et al. (1970) and Zavoriink and
O'Meara (1999), and specimens from ihe
Florida Medical Entomology Laboratory
collection. For assistance in using this key,
see Figs. 1-2.

1. Seta 5-CT very long, =5.0 length of seta
4-CT: abdominal tergnm VIIE with pos-

terior lohe overlying lateral part of ter-
gum IX: seta 1-1X absent (snbgenus Afi-
craedes)

Seta 5-CT no more than 2.0 fength of
4-CT. abdominal tergum VIl with pos-
terior lobe not overlying lateral part of
tergum IN: seta [-IN present
Meatns of trumpet with narrow slit ex-
tending from proximal part of pinna: seta
2-Vi usnally laterad of seta 1-VI (subge-
nus Melanoconion) .
Meatus of trumpet withont narrow slit ex-
tending {rom proximal part ot pinna: seta
2-V1 mesad of seta 1-V1
Seta 9-VIil very near posterolateral cor-

cedecel Stone and Hair

[E)

201).

w

B2y
ner L.
Seta 9-V1I1 distinctly removed trom pos-
tero-lateral corner
4(3).  Seta 5-V double or triple and nearly as
long as following tergnm
Seta 5-V nsnally with at least + branches.
if fewer, then distinctly shorter than fol-
lowing tergnm
Scta I-11 with 14 or fewer branches: pinna
of trumpet, including sht, less than 0.3 of
total length pilosus (Dyar and Knab)
= Seta 1-11 with 25 or more branches: pinna
of trumpet inchuding slit 0.4-0.5 of total
length erraticus (Dyar and Knab)
Seta 6-1V,V at least 4-branched: seta 5-V
usually S-branched: trnmpet index nsnally
>8.5 P atratus Theobald
= Seta 6-1V,V usually triple: seta 5-V nsu-
ally 4-branched: trumpet index =80 ... 7
Pinna inclnding slit =0.35 length of trum-
pet: seta 8-CT single . .

5S¢4

64).

7(6).
mulrennani Basham
= Pinna inclnding slit =0.4 length of trum-

pet; seta 8-CT with 3 or more branches
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8(7).  Trumpet lighter in color between apex ol
tracheoid and base of pinna. flared api-
cally {olambdis Dyur
Trumpet uniformly dark distal to apex of
trucheoid. or if lighter, then remainder of
trumpet also lighter, not flared apically
... peccator Dyar & Knab
9(2).6 Trumpet index =7.7: seta 9-VII usually
double: seta 9-VIII usunally 4-branched
(Subgenus Neoculex) ... .. territans Walker
= Trumpet index =7.0: seta 9-VIL usually
with 4 or more branches: seta 9-VI11 usu-
ally 6-branched or more (subgenus Crulex)

P . - oo ccocoooD0Aaa0a 10
10(9).  Abdominal tergum 1 with distinct short
spicules posteriorly
........... bahamensis Dyar and Knab
- Abdominal tergum 1 without short spic-
ules posteriorly . ... 11
11(10). Seta 2-P absent on paddle; seta 1.6-V1

usually double restuans Theobald
= Seta 2-P present. rarely absent: seta 1.6-
VI usually with 3 branches or more .. 12
1201 1). Trumpet index rarely & 5.0: seta 1-VII
usually with 4 or more branches . ...
quinquefasciatus Say
= Trumpet index =5.5: seta 1-VI usually
double or triple . ... ... 13
13(12). Seta 1-11 with 20 or more branches: pos-
terior border of sternum 11 with sharp,
short spicules nigripalpus Theobald
- Seta 1-11 with 17 or fewer branches: pos-
terior aspect of sternum 11 without spic-
(& c o ooldonoacoaonano00000c00 14
1413). Trumpet index about 7.0, pinna short.
=0.13 of total length . . salinarius Coquillett
Trumpet index <6.0. pinna longer. =0.16
of total length . tarsalis Coquillett
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